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(57) ABSTRACT

A lens barrel capable of reducing the radial size thereof while
maintaining the degree of freedom 1n layout of a shutter and
a anti-shake mechanism. A barrier drive ring includes first and
second rotation-transmitting protrusions axially protruding
toward an 1maging arca and parallel to and substantially
opposed to each other. An 1mage pickup element-holding
member includes a first and second cam contact section
which are brought into contact with the first and second
rotation-transmitting protrusion, when the lens barrel 1s
retracted. Rotation transmission to the barrier drive ring 1s
performed 1n a varying manner first via a contact between the
first rotation-transmitting protrusion and first cam contact
section, then via contacts between the first and second rota-
tion-transmitting protrusions and the first and second cam
contact sections, and finally via a contact between the second
rotation-transmitting protrusion and the second cam contact
section.

3 Claims, 11 Drawing Sheets
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LENS BARREL AND IMAGE PICKUP
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a lens barrel that 1s pro-
vided on an 1image pickup apparatus (optical apparatus) such
as a camera, and the image pickup apparatus that 1s provided
with the lens barrel.

2. Description of the Related Art

Conventionally, a film camera using a silver salt film, and a
digital camera capable of shooting using an 1image pickup
clement have been known and have been widely used.
Recently, for improvement of portability or like purposes, the
internal mechanism of a camera has been technically devel-
oped so as to reduce the size thereol or increase the change
rat1o of the focal length (zoom ratio) thereot, and as a result,
various techniques have been proposed.

In general, cameras include a zoom camera 1n which the
tocal length of a photographic lens 1s changeable, and a single
focus camera 1 which the focal length 1s fixed. In theses
cameras, there 1s generally provided a lens barrel which 1s
capable of protruding and retracting the photographic lens, so
as to enable size reduction during non-shooting time (when
the power of the camera 1s off) or change 1n the focal length
during shooting time (when the power of the camera 1s on).

Recently, to realize handy portability of cameras, there has
been proposed various mechanisms focusing on the reduction
of the size of a camera. To reduce the size of a camera, not
only size reduction of a battery, a liquid crystal display device
or the like provided in the camera, but also si1ze reduction of a
lens barrel 1s an 1important factor.

The size reduction of the lens barrel includes two kinds,
such as reduction of the size in a direction of the optical axis,
which 1s necessary for reducing the thickness of the camera,
and reduction of the size 1n a radial direction, which 1s nec-
essary for reducing the vertical and horizontal sizes of the
camera. While such a size reduction 1s 1n progress, there has
recently been dramatically increasing the number of cameras
equipped with the anti-shake function, and accordingly, there
have been proposed technical contrivances to make the anti-
shake function compatible with a driving mechanism for
opening and closing barriers conventionally provided in the
lens barrel.

For example, Japanese Patent Laid-Open Publication No.
2001-215562 discloses a technique 1n which the opening and
closing of the barriers i1s performed by providing a rotation
interlocking section interlocked with the barriers, in a mov-
able cam ring disposed at a location radially outward of a lens
holding frame equipped with the shutter and a anti-shake
mechanism (FI1G. 12 attached hereto). In FIG. 12, a reference
numeral 180 indicates a barrier drive ring, and a reference
numeral 90 indicates a second cam ring.

Further, Japanese Patent Laid-Open Publication No. 2004-
69991 discloses a technique 1n which the opening and closing
of the barriers 1s usually performed by providing a rotation
interlocking cam interlocked with the barriers, 1n rectilinear
motion barrel disposed at a location radially outward of a lens
holding frame equipped with the shutter and the anti-shake
mechanism (see FIG. 13 attached hereto). In FIG. 13, a ref-
erence numeral 147 indicates a lens barrel component, a
reference numeral 181 a driving member, and reference
numerals 185 to 188 barrier members.

Further, as atechnique for opening and closing the barriers,
there has conventionally been proposed a mechanism in
which the rotation iterlocking section for opening and clos-
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ing the barrners 1s protruded from a holding member of an
image pickup element toward an object side, and the barriers

are brought 1nto contact with the rotation interlocking section,
whereby the barriers are driven.

However, in the techniques disclosed 1n Japanese Patent
Laid-Open Publication No. 2001-215562 and No. 2004-
69991, 1t 1s required to iterlock the rotation at a location
radially outward of the lens frame equipped with the shutter
and anti-shake mechanism, and hence 1t 1s necessary to
increase the diameter of the barrier drive ring to the outer
diameter of the lens frame, which 1s one factor causing an
increase 1n the radial size of the lens barrel.

Further, in the mechanism 1n which the rotation interlock-
ing section for opeming and closing the barriers 1s protruded
from the holding member of the image pickup element, 1t 1s
possible to cause the rotation interlocking section to extend
through the lens holding frame equipped with the shutter and
anti-shake mechanism, in order to reduce the radial size ofthe
lens barrel. However, it 1s difficult to arrange an extending-
through portion of the rotation interlocking section 1 a con-
struction including the shutter and the anti-shake mechanism.

SUMMARY OF THE INVENTION

The present invention provides a lens barrel and an 1mage
pickup apparatus which are capable of reducing the radial
s1ze thereol while maintaining the degree of freedom 1n lay-
out of a shutter and a anti-shake mechanism.

In a first aspect of the present invention, there 1s provided a
lens barrel comprising a barrier drive ring that includes a first
rotation-transmitting protrusion which protrudes 1n a direc-
tion of an optical axis toward an 1maging area, and a second
rotation-transmitting protrusion which is formed at a location
parallel to the first rotation-transmitting protrusion and sub-
stantially opposed to the first rotation-transmitting protrusion
across the optical axis, and an 1image pickup element-holding
member that includes a first cam contact section and a second
cam contact section which are brought into contact with the
first rotation-transmitting protrusion and the second rotation-
transmitting protrusion, respectively, when the lens barrel 1s
retracted, wherein rotation transmission to the barrier drive
ring 1s performed in a varying manner first via a contact
between the first rotation-transmitting protrusion and the first
cam contact section, then via the contact between the first
rotation-transmitting protrusion and the first cam contact sec-
tion and a contact between the second rotation-transmitting,
protrusion and the second cam contact section, and finally via
the contact between the second rotation-transmitting protru-
s1on and the second cam contact section.

In a second aspect of the present invention, there i1s pro-
vided an 1mage pickup apparatus including a lens barrel,
wherein the lens barrel comprises a barrier drive ring that
includes a first rotation-transmitting protrusion which pro-
trudes 1n a direction of an optical axis toward an 1maging area,
and a second rotation-transmitting protrusion which 1s
formed at a location parallel to the first rotation-transmitting
protrusion and substantially opposed to the first rotation-
transmitting protrusion across the optical axis, and an 1image
pickup element-holding member that includes a first cam
contact section which 1s brought into contact with the first
rotation-transmitting protrusion, and a second cam contact
section which 1s brought into contact with the second rota-
tion-transmitting protrusion, when the lens barrel 1s retracted,
wherein rotation transmission to the barrier drive ring 1s per-
formed via a contact between the {irst rotation-transmitting
protrusion and the first cam contact section, then via the
contact between the first rotation-transmitting protrusion and
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the first cam contact section and a contact between the second
rotation-transmitting protrusion and the second cam contact
section, and finally via the contact between the second rota-
tion-transmitting protrusion and the second cam contact sec-
tion, 1n a varying mannet.

With the arrangement of the lens barrel according to the
present invention, 1t 1s possible to reduce the radial si1ze of the
lens barrel while maintaining the degree of freedom 1n layout
of the shutter and the anti-shake mechanism.

Further features of the present invention will become

apparent from the following description ol exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a perspective view of an appearance of a camera
as an 1mage pickup apparatus according to an embodiment of
the present invention.

FIG. 2 1s an exploded perspective view of a lens barrel
appearing i FIG. 1.

FIG. 3 1s an exploded perspective view of a first group
barrel appearing 1n FIG. 2.

FIG. 4 1s an exploded perspective view of a second group
barrel appearing 1n FIG. 2.

FIG. 5 1s a plan view of the second group barrel appearing,
in FIG. 2 as viewed from an object side.

FI1G. 6 1s an exploded perspective view of the second group
barrel appearing 1 FIG. 2 as viewed from an imaging area
side.

FI1G. 7 1s a schematic plan view of the second group barrel
appearing in FIG. 2.

FIG. 8 1s a schematic plan view of a conventional second
group barrel compared with the second group barrel of the
present invention shown 1n FIG. 7.

FIG. 9 1s a simplified perspective view of one state of a
barrier opening/closing mechanism in the lens barrel shown
in FIG. 2.

FIG. 10 1s a simplified perspective view of another state of
the barrier opening/closing mechanism 1n the lens barrel
shown 1n FIG. 2.

FI1G. 11 1s a simplified perspective view a still another state
of the barrier opening/closing mechanism in the lens barrel
shown 1n FIG. 2.

FI1G. 12 1s an exploded perspective view of a barrier open-
ing/closing mechanism of a conventional image pickup appa-
ratus.

FI1G. 13 1s an exploded perspective view of a barrier open-
ing/closing mechanism of another conventional image
pickup apparatus.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

The present invention will now be described 1in detail below
with reference to the accompanying drawings showing
embodiments thereof.

FIG. 1 1s an external perspective view of a camera as an
image pickup apparatus according to an embodiment of the
present invention.

In FIG. 1, on a front face of a camera body 1, there 1s
provided a lens barrel 2 of which a focus length of a photo-
graphic lens 1s changeable. On a front face of the lens barrel
2, there 1s provided a lens barrier unit 3 which opens and
closes an optical path of the photographic lens according to
the ON/OFF operation of the power of the camera.

Further, a flashing window section 4 which comprises a
strobe device for emitting flashlight to an object 1s provided
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on the top surface of the camera body 1, and a finder window
5 1s provided on the front face of the camera body 1.

Further, the top surface of the camera body 1 1s provided
with a release button 6 for starting a shooting preparation
operation (focus adjustment operation and photometric
operation) and a shooting operation (exposure to the image
pickup element, such as a film or a CCD). It should be noted
that FIG. 1 1s a schematic view of a typical camera, and the
present invention 1s not limited to the above-described
arrangement.

FIG. 2 1s an exploded perspective view of the lens barrel 2
appearing in FIG. 1.

In FIG. 2, a first group barrel 7 holds a first group photo-
graphic lens, and 1s provided with the above-mentioned lens
barrier unit 3. A second group barrel 8 holds a second group
photographic lens, and 1s provided with a anti-shake lens
mechanism and a shutter and diaphragm mechanism, referred
to hereinafter. A movable cam ring 9 has a driving cam, not
shown, provided on an inner periphery thereof for driving the
first group barrel 7 and the second group barrel 8, and includes
a gear section to which power 1s transmitted from a lens
barrel-driving motor, not shown.

A rectilinear motion barrel 10 1s held by the movable cam
ring 9 in a rotatable manner, and controls the first group barrel
7 and the second group barrel 8 such that they move linearly,
1.e. straight forward or back. A fixed barrel 11 has a dniving
cam, not shown, provided on an inner periphery thereof with
for driving the movable cam ring 9. A third group barrel 12
holds a third group photographic lens.

An 1mage pickup element-holding member 13 1s provided
with two cam contact sections 13a and 135 which are respec-
tively brought into contact with two rotation-transmitting
protrusions 18a and 185 of a barrier drive ring 18, referred to
hereinatter.

It should be noted that the arrangement of the lens barrel 2
1s not limited to the above-described arrangement, insofar as
the arrangement satisfies the features of the present invention.

FIG. 3 1s an exploded perspective view of the first group
barrel 7 appearing 1 FIG. 2.

Next, a description will be given of the arrangement of the
first group barrel with reference to FIG. 3.

The first lens barrel 7 includes the barrier mechanism as
mentioned above. A lens holder 21 1n FIG. 3 has a lens 20 and
a lens 22 fixed thereto by adhesive or by thermal swaging, and
a fixed diaphragm 23 attached thereto from the imaging area
side, for cutting harmitul light emitting from the lens 22.

The lens holder 21 has the barrier mechanism provided an
object side thereof, such that the barrier covers the lens 20.
The barrier drive ring 18 1s disposed around the lens 20 1n a
manner rotatable about the optical axis. The barrier drive ring,
18 1s received by a recerving surface 21a of the lens holder 21
in a direction of the optical axis, and 1s slidably rotated by
retainers 215.

A rotary shait 17a of each of barrier blades 17 1s slidably
fitted 1n an associated one of shait holes 21¢ of the lens holder
21. Springs 19 are disposed between the barrier drive ring 18
and the barrier blades 17, whereby the springs 19 always urge
the barrer blades 17 1n a closing direction.

When the lens barrel 1s retracted, the two cam contact
sections 13a and 136 appearing in FIG. 2 are respectively
brought 1nto contact with two rotation-transmitting protru-
sions 18a and 186 formed on the barrier drive ring 18,
whereby a state 1n which the blades are closed 1s maintained
(timing of contact will be described hereinafter).

Here, the rotation-transmitting protrusion 18a forms a first
rotation-transmitting protrusion which protrudes toward the
imaging area in the direction of the optical axis. Further, the
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rotation-transmitting protrusion 185 forms a second rotation-
transmitting protrusion which 1s formed at a location substan-
tially opposed to the first rotation-transmitting protrusion
across the optical axis such that it extends parallel to the first
rotation-transmitting protrusion. It should be noted that the
first and second rotation-transmitting protrusions may be
reversed.

Further, the cam contact section 13a forms a first cam
contact section which 1s brought into contact with the first
rotation-transmitting protrusion when the lens barrel 2 1s
received 1n. The cam contact section 135 forms a second cam
contact section which 1s brought into contact with the second
rotation-transmitting protrusion when the lens barrel 2 1s
received 1n. It should be noted that the first and second cam
contact sections may be reversed.

Then, when the power of the camera 1s turned on, whereby
the lens barrel 1s protruded and the restriction thereon 1s
released, the barrier drive ring 18 1s rotated counterclockwise
by the spring force, so that protruding portions 18¢ push
contact portions 175 ofthe barrier blades 17, which causes the
barrier blades 17 to be rotated about the rotary shait 17a,
whereby the barrier blades 17 are opened.

The 1s a cover member 16 provided on the object side of the
barrier blades 17, which 1s fixed to the lens holder 21 by
bayonets. Further, a double-faced tape 15 1s affixed to the
cover member 16 and {ixes a cap member 14.

Next, a description will be given of the arrangement of the
second group barrel with reference to FIGS. 4, 5, and 6.

FIG. 4 1s an exploded perspective view of the second group
barrel 8 appearing 1n FIG. 2. FIG. 5 1s a plan view of the
second group barrel 8 appearing in FIG. 2 as viewed from the
object side, and shows a state in which a sensor holder 30, a
second group FPC 26, and a second group cover 24 are
removed for purposes of 1llustration.

The second group barrel 8 includes the anti-shake mecha-
nism and the shutter and diaphragm mechanism, as men-
tioned above. In FIG. 4, a base member 38 1s a base of the
second group barrel 8. The base member 38 1s formed with a
clearance shape portion 38a for a focus feeding screw, not
shown, and a clearance shape portion 385 for a focus guide
bar, not shown.

Although the lens barrel 2 reduces the size thereof by
reducing the spaces between the lens groups when the lens
barrel 1s retracted, the focus feeding screw and the focus guide
bar protrude 1n the direction of the optical axis, and hence the
focus feed screw and the focus guide bar extend through the
base member 38 when the lens barrel 1s retracted. Then, a ray
of light which does not pass through the lenses passes through
portions where the focus feed screw and the focus guide bar
extend through, and enters the CCD (image pickup element),
causing leakage of the ray of light. Theretfore, the clearance
shape portions 38a and 386 are formed 1nto a bag-shape to
prevent leakage of the ray of light as much as possible.

A second group lens 36 1s swaged to a second group lens
holder 31. Magnets 32A and 32B are integrally held in the
second group lens holder 31.

Suifixes A and B 1n the reference numerals in FIG. 4 are
associated with directions A and B illustrated in FIG. .

The second group lens holder 31 has three hooks 31a on
which tension springs 33 are hooked. A fixed diaphragm 37
for cutting harmitul light i1s fixed to the second group lens
holder 31 by the hooks 31a.

Coil units 34A and 34B each comprised of a coil and a
bobbin are fixed by adhesive to respective recesses 1n the base
member 38.

Power feed to the coils 1s performed using the second group
FPC 26 by feeding power to metallic pins 34A-a and 34B-a
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which are embedded 1n the bobbins and are electrically con-
nected to the coils, respectively.

The other end of each tension spring 33 hooked on the
second group lens holder 31 1s hooked on an associated one of
hooks 38¢ of the base member 38, and three nonmagnetic
balls 35 are sandwiched between the base member 38 and the
second group lens holder 31, so that the second group lens
holder 31 1s urged toward the base member 38 with the non-
magnetic balls 35 interposed therebetween.

However, thanks to the interposition of the nonmagnetic
balls 35, the second group lens holder 31 1s capable of freely
moving within a plane perpendicular to the optical axis. By
moving the second group lens holder 31 within the plane, an
image on the CCD 1s controlled and the anti-shake operation
1s performed.

Next, both of a shutter actuator 28 for actuating shutter
blades and an ND actuator 29 for actuating an ND filter are of
a two-point switching type 1n which a stop position of an arm
1s switched by switching the energizing direction between
normal and reverse.

Here, the magnets 32A and 32B, and the coil units 34 A and
34B form a anti-shake driving section which i1s arranged
substantially symmetrically with respect to a plane contain-
ing the optical axis.

Further, the shutter actuators 28 and 29 form a shutter
driving section which is arranged substantially symmetrically
with respect to the above-mentioned plane, and 1s located on
an opposite side of a plane perpendicular to the plane con-
taining the optical axis from the anti-shake driving section.

One end of the second group FPC 26 forms a semi-arc
shape. The actuators 28 and 29 are connected to the opposite
ends of the semi-arc by soldering, and lands 26a to which the
above-mentioned coil pins 34 A-a and 34B-q of the coil units
34A and 34B are connected by soldering are provided at
intermediate portions of the semi-arc. Further, hall elements
27A and 27B for detecting a magnetic field are mounted on
the reverse side of the second group FPC 26.

The magnets 32A and 32B of the second group lens holder
31 are magnetized 1n directions illustrated in FIG. 5. Each of
the hall elements detects the movement of an associated one
of the magnets 32A and 32B in the direction A or B as a
change in the magnetic field, and calculates an amount of the
movement based on the detected amount of the change. Since
the accuracy of positions of the magnets 32A and 32B and the
hall elements 27A and 27B 1s significant, the hall elements
27A and 27B are press-fitted into the sensor holder 30, which
accurately positions them.

The second group FPC 26 1s fixed by positioning holes 265
and positioning dowels 30a of the sensor holder 30, and the
sensor holder 30 1s mounted on the base member 38. Then, the
second group cover 24 1s fixed to the base member 38 by a
screw 25 and an outer peripheral hook, not shown, whereby
the sensor holder 38 and the actuators 28 and 29 are fixed to
the base member 38.

FIG. 6 1s an exploded perspective view of the second group
barrel 8 appearing in FIG. 2 as viewed from the imaging area
side.

Detailed description of the component elements 1n FIG. 6
denoted by the same reference numerals as those described
above 1s omitted. Shutter blades 39 and 40 are actuated by an
actuating arm, not shown, of the shutter actuator 28. A parti-
tion plate 41 and an ND filter 42 for restricting an amount of
light are driven by the ND actuator 29, and they repeat respec-
tive motions 1nto or out of the light path. A shutter cover 43 1s
fixed to the base member 38 by hooks, not shown, to thereby

protect the shutter blades 39 and 40, and the ND filter.
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Next, a description will be given of the layout within the
second group barrel shown 1n FIG. §.

The second group barrel 8 1s provided with the anti-shake
lens mechanism and the shutter and diaphragm mechanism as
described above. The magnets 32 A and 32B and the coil units
34A and 34B as anti-shake driving members are disposed
within the base member 38, 1n V-shape arrangement sym-
metrically with respect to a Y-axis in FIG. 5.

Further, the shutter actuator 28 and the ND actuator 29 are
also disposed within the base member 38 1n V-shape arrange-
ment symmetrically to the Y-axis in FIG. 5, and are located on
an opposite side of an X-axis 1n FIG. 5 from the anti-shake
driving members.

It 1s effective to place the clearance shape portions 38a and
385 for the focus feeding screw and the focus guide bar of the
base member 38 1n upper positions when the camera 1s 1n its
normal position, in preventing the harmitul light from entering,
the 1mage pickup element, and hence the clearance shape
portions 38a and 385 are disposed between the shutter actua-
tor 28 and the ND actuator 29.

Further, 11 the arrangements of the tension springs 33 and
the nonmagnetic balls 35 for driving the second group lens
holder 31 to the XY plane (the nonmagnetic balls 35 are
indicated by dot lines, because they are on the reverse side)
are mcluded, the whole area of the XY plane on the base
member 38 1s almost filled by the focus clearance portions,
the anti-shake driving members, and the actuators 28 and 29.

Without changing this layout, a through hole 605, referred
to hereinaiter, for passing the barrier rotation-transmitting,
protrusion 185 through 1s formed 1n the base member 38 at a
location between the shutter actuator 28 and ones (the magnet
32 A and the co1l umit 34A) of the anti-shake driving members.
Similarly, a through hole 60qa, referred to hereinafter, for
passing the barrier rotation-transmitting protrusion 18a
through 1s formed 1n the base member 38 at a location
between the ND actuator 29 and ones (the magnet 32B and the
coil unit 34B) of the anti-shake driving members, substan-
tially symmetrically to the Y-axis.

FIG. 7 1s a schematic plan view of the second group barrel
8 appearing i FIG. 2.

The arrangement 1llustrated 1n FIG. 7 1s 1dentical to that in
FIG. 5 except that the clearance shape portions 38a and 385
which are bag-shaped for the focus feeding screw and the
focus guide bar of the base member 38 are collectively indi-
cated by a focus clearance portion 50.

To reduce the size of the lens barrel 2 in the radial direction,
it 1s necessary to reduce the diameter of the barrier drive ring
18 so as to make the entire first group barrel small. To this end,
it 1s required to pass the rotation-transmitting protrusion 18a
or 185 for transmitting the rotation from the barrier drive ring
18 through the second group barrel 8 containing the anti-
shake mechanism and the shutter mechanism.

FIG. 8 1s a schematic plan view of a conventional second
group barrel compared with the second group barrel 8 of the
present invention shown 1n FIG. 7. Specifically, FIG. 8 sche-
matically shows how relevant members would be laid out on
the second group barrel 8, assuming that the barriers are
driven for opeming and closing, using the barrier drive ring 18
and the 1image pickup element-holding member 13, 1n a con-
ventional manner.

The reference numerals 1n FIG. 8 are identical to those in
FIG. 7. One rotation-transmitting member 18a 1s protruded
from the barrier drive ring 18, and the barrier drive ring 18 1s
rotated by the cam contact section 13a of the image pickup
clement-holding member 13, whereby the barriers are opened
and closed as described betfore. The area 1n which the rota-
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tion-transmitting member 18a or the cam contact section 13a
extends through the base member 38 1s indicated by the
through hole 60a.

In this layout, a rotational angle Oc of the through hole 60a
1s large, and hence 1t 1s required to rotate an arrangement area
where the ND actuator 29, the focus clearance portion 50 and
the shutter actuator 28 are disposed counterclockwise.

In this case, however, not only 1t 1s 1impossible to place the
focus clearance portion 50 at a top location when the camera
1s 1n 1ts normal position, but also 1t 1s impossible to satisiy the
requirements of layout of the second group barrel 8, because
the location of the shutter actuator 28 overlaps the location of
the nonmagnetic balls 35 of the anti-shake mechanism and the
location of the second group lens holder 31.

For this reason, as shown 1n FIG. 7, the rotation-transmait-
ting protrusion of the barrier drive ring 18 1s divided 1nto the
rotation-transmitting protrusions 18aq and 185. Then, areas of
the base member 38 wherethrough extend the cam contact
sections 13a and 135 of the image pickup element-holding
section 13, which are brought 1nto contact with the rotation-
transmitting protrusions 18a and 185, are allocated to the
through holes 60a and 605, whereby 1t 1s possible to satisiy
the requirements of the anti-shake mechanism and the shutter
mechanism of the second group barrel 8.

That 1s, the layout of the second group barrel 8 does not
satisty the requirements 11 the rotation angle of one through
hole 60a 1n FIG. 8 1s equal to Oc. For this reason, as shown in
FIG. 7, the through hole 1s divided mto the through hole 60qa
having a rotational angle Oa (first through hole) and the
through hole 606 having a rotational angle Ob (second
through hole), whereby it 1s possible to form spaces for driv-
ing the barriers in the second group barrel 8 (however, Oc>0a,
Oc>0b).

Here, the first and second through holes may be reversed.

FIGS. 9 to 11 are simplified perspective views of a barrier
opening/closing mechanism in the lens barrel 2 shown 1n FIG.
2.

Next, a description will be given of timing 1n which the
divided rotation-transmitting protrusions 18a and 185 of the
barrier drive ring 18 are brought into contact with the cam
contact sections 13q and 135 of the 1image pickup element-
holding section 13.

FIGS. 9to 11 illustrate only the barrier drive ring 18 and the
image pickup element-holding section 13, for clanty.

FIG. 9 1llustrates a moment at which the barrier drive ring
18 included 1n the first group barrel 7 1s retracted toward the
imaging area, and 1s brought into contact with the cam contact
section 13a of the image pickup element-holding section 13,
whereby the rotation thereof 1s started when the lens barrel 2
1s recerved nto the camera body 1.

FIG. 10 illustrates a state 1n which the lens barrel 2 1s
turther retracted, and the rotation-transmitting protrusion 1856
1s also brought 1nto contact with the cam contact section 135
in a state 1n which the rotation-transmitting protrusion 18a of
the barrier drive ring 18 1s 1n contact with the cam contact
section 13a. FIG. 11 1llustrates a state 1n which the lens barrel
2 1s Turther retracted from the state 1llustrated in FIG. 10 until
it 1s accommodated 1n the camera body 1.

When the lens barrel 2 1s retracted, as shown 1n FI1G. 9, the
rotation-transmitting protrusion 18a of the barrier drive ring
18 1s brought into contact only with the cam contact section
13a of the image pickup element-holding section 13, whereby
the operation of closing the barriers 1s started.

At this time, the rotation-transmitting protrusion 185 fac-
ing the rotation-transmitting protrusion 18a across the optical
ax1s 1s not brought nto contact with the cam contact section
135 of the image pickup element-holding section 13, so that
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the barriers are being closed only by the rotational force of the
rotation-transmitting protrusion 18a.

When the lens barrel 1s further retracted, as shown in FIG.
10, the rotation-transmitting protrusion 185 1s also brought
into contact with the cam contact section 135, so that the
barriers are being closed by both the rotational forces of the
rotation-transmitting protrusions 18a and 18b.

When the lens barrel 2 1s completely retracted and 1s placed
in an accommodated state as shown 1n FIG. 11, the contact
between the rotation-transmitting protrusion 18q and the cam
contact section 13a 1s released, so that the closed state of the
barriers 1s held only by the contact between the rotation-
transmitting protrusion 185 and the cam contact section 1354.

That 1s, at the timing 1n which the lens barrel 2 1s retracted
to start closing the barriers, the barrier drive ring 18 1s rotated
by one contact between one rotation-transmaission protrusion
and one cam contact section, then, from halfway, both of the
rotation-transmission protrusions come to be in contact with
both of the cam contact sections, and finally the contact 1s
switched to the other contact between the other rotation-
transmission protrusion and the other cam contact section,
which maintains the closed state of the barriers.

As described above, it 1s possible to reduce each width (1n
the circumiferential direction) of the rotation-transmitting,
protrusion 18a or 185 by switching the contact timings, and
hence the sizes of the through holes 60a and 605 can be also
reduced, whereby 1t 1s possible to accommodate the necessary
component elements 1n the layout 1llustrated in FIG. S.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2009-032863, filed Feb. 16, 2009, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. A lens barrel comprising:

a barrier drive ring that includes a first rotation-transmit-
ting protrusion which protrudes 1 a direction of an
optical axis toward an 1imaging area, and a second rota-
tion-transmitting protrusion which 1s formed at a loca-
tion parallel to said first rotation-transmitting protrusion
and substantially opposed to said first rotation-transmuit-
ting protrusion across the optical axis; and

an 1mage pickup element-holding member that includes a
first cam contact section and a second cam contact sec-
tion which are brought into contact with said first rota-
tion-transmitting protrusion and said second rotation-
transmitting protrusion, respectively, when said lens
barrel 1s retracted,

wherein rotation transmaission to said barrier drive ring 1s
performed 1n a varying manner first via a contact
between said first rotation-transmitting protrusion and
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said first cam contact section, then via the contact
between said first rotation-transmitting protrusion and
said first cam contact section and a contact between said
second rotation-transmitting protrusion and said second
cam contact section, and finally via the contact between
said second rotation-transmitting protrusion and said
second cam contact section.

2. The lens barrel according to claim 1 further comprising:

an anti-shake driving section which 1s arranged substan-
tially symmetrically with respect to a plane containing
the optical axis;

a shutter driving section which 1s arranged substantially
symmetrically with respect to the plane, and 1s located
on a side of a plane which contains the optical axis and
1s perpendicular to the plane, substantially opposite
from said anti-shake driving section; and

a base member which holds said anti-shake driving section
and said shutter driving section,

wherein said base member includes a first through hole
through which extends at least one of said first rotation-
transmitting protrusion and said first cam contact sec-
tion, and a second through hole through which extends at
least one of said second rotation-transmitting protrusion
and said second cam contact section passes, and

wherein the first and second through holes are arranged
between said anti-shake driving section and said shutter
driving section, with respect a plane which 1s perpen-
dicular to the optical axis.

3. An 1mage pickup apparatus including a lens barrel,

wherein said lens barrel comprises:

a barrier drive ring that includes a first rotation-transmit-
ting protrusion which protrudes 1 a direction of an
optical axis toward an 1imaging area, and a second rota-
tion-transmitting protrusion which 1s formed at a loca-
tion parallel to said first rotation-transmitting protrusion
and substantially opposed to said first rotation-transmut-
ting protrusion across the optical axis; and

an 1mage pickup element-holding member that includes a
first cam contact section and a second cam contact sec-
tion which are brought into contact with said first rota-
tion-transmitting protrusion and said second rotation-
transmitting protrusion, respectively, when said lens
barrel 1s retracted,

wherein rotation transmission to said barrier drive ring 1s
performed 1 a varying manner first via a contact
between said first rotation-transmitting protrusion and
said first cam contact section, then via the contact
between said first rotation-transmitting protrusion and
said {irst cam contact section and a contact between said
second rotation-transmitting protrusion and said second
cam contact section, and finally via the contact between
said second rotation-transmitting protrusion and said
second cam contact section.
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